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Yasuhiro Umeda and Satoshi Itaba (2011) Vertical Crustal Movements along the Pacific Coast of Shikoku
before the 1946 Nankai Earthquake. Bull. Geol. Surv. Japan, vol. 62(5/6), p. 243-257, 10 figs, 9 tables.

Abstract: The vertical crustal movement before the 1946 Nankai earthquake was obtained by the leveling
of the Geographical Survey Institute(GSI). In Shikoku district, however, the leveling was carried out 7
years before the earthquake. The Hydrographic Bureau(HB) surveyed the co-seismic vertical changes and
measured the difference between the measurement of last and just after the earthquake, on the bench mark
of GSI or HB. The leveling data of GSI were obtained the Japanese vertical datum origin as a standard,
on the contrary, the measurements of HB were obtained based on the mean sea level at each point. The
error of latter values has +/-0.10m against that of GSI. The data of co-seismic vertical change have an
error of +/-0.15m, because the vales were obtained by viewing of the HB staffs. In the case that the
measurement value and co-seismic change are greater than above errors, it is effective to use them with
the leveling data. We combined the data of GSI and HB, and obtained the vertical variation curves at 13
points in Shikoku, between 1898 and 1969. The co-seismic upheaval region has subsided in a long term
before the earthquake. The co-seismic subsidence region has up heaved gradually about 15 years before
the earthquake. It seems that the upheaval speed was accelerated just before the earthquake. The variation
curves of vertical crustal movement in a long term will become a base when we assume a prediction curve

for the next Nankai earthquake.

Keywords: Nankai earthquake, vertical crustal movement, Shikoku, earthquake prediction
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1946 F- 1 i M2 i $% o Hbgdk o 128 B 13 b PR 3 A
(BAEDE T EFE) OAREERNREIZ K > TR 5T
3. LAaLAads, WEICET 2 KEERRIZAEDORT%
THEMIZITbR TN 20, M ERT & %D R
BEIARHTH >72. ZhizxfL, KigE EEOWH R
RITUFEEHER) (ZHER 2 S0 RO E T2 E)E & i
BEIROZENEDSI2DOMEERD TS, HIHITUEEL
ENTRYE & N7z KRR O FEARKHERE R IR ) O[F] L b
BEDKUES 2RI L ClllE &7z 0, HigEhg & iR
eoEMEME L TR 6T 5, BEIIEBBL
ETHHIZE > TR N HERETH 5. o LT
ZEETH 5 FABMITIRAT 30cm DFENDH D & Sh
T3, HHEPZhs LSS Cidadkiie®
Z, KSR OME 72 el & A G & & PR AT IC X %
AUETIE DR Al & FiA X 72 ZOME, WUEO 13
SIS B O TAREORNIH% 2 FEFE Lo L A g2 4
2 — LTI Z & k7.

1. KHROEREER

R b 7 71281 E KRB O RS BE I N5 &0,
PEEFAR G AIZET CII MM, FEHE T D 720D
BER A LoD b 5. TR 18 FE» 5 21 FE %
TITHED S TUENZ A0 T 14 BN 2 3%E U ()R,
2009), Au—2Yv7 (W< DIFD) ERADIHE
DERE BT D2D2H 5. HiH TR EE T TRE
L2 DOrDAT =) » TIZDONWTE, ThEFho
2w THONMEREIR, 21 v T &k EDOHEE E 1T -
7= (AtJiift, 2009; Itaba et al., 2010). Zh 512 ki,
20— 2 v FTIFHEX 25km ~ 40km fHED 7L — 15
BT, BRMIZBBEL VB Z L, BEIEES LAY D
B2k, HBUIRATE Mw=6 FETHEZ L END
Mo TND,

2 =21 vy FiE b T TIONOEKRMEIZLTT5 &
MEXNTED CNREMh, 2009; Ko, 2009 ; M,
2010), EAEEOBMAHIEE PRNC D& H 5 8 O & HIFF
ENTn5, LA LEBROEMETMELS L, 20—
Z )y TOPKMERIZHE - TR S 5 B0 T ARZE
BEDL HVREL BIUTERIERAEICE S0, &

LG - BT & — (AIST, Geological Survey of Japan, Active fault and Earthquake Research Center)
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W HRMR L, ThZhORRTEDL SVWAE
BUBEL TWB 0%, W) A o2 k0w, ARITIE
AE RIS L QIR IS HERLL 22 Pl 3 2

L=t &T-5TED, EXNH S LIS IUTBINE
Wh, FrbAS&MEM-CREEBRENT (AR
T,2003), &) K ICHIEEFREIZE S £ TOEDOEH)
Hifg A HE L T 3. ﬁ@waaonfé,%@ﬂﬁb
MRk PHIY I 2L — b &7 20101, WREHOT
R E WO RE L ONRMEIZL 5.

A2 T, RO B AN 72 T RIS R R o B
DOWFEET I E LT, HilElo 1946 -5 Hh 2w 0 Hh7dk
O F T2 % MEO KPR RIS THRER R D

1R FLIXNOEMEE £ (1), 2),3) 135 1 X -(1),-(2),-
@ IzHIBL TS, & (©2) @EP@ (a),(c) X1
- DERLICHIGL TS, & (3) 3E- (1)
- (2) A IETH L7z 1898 4 4 it &
32 L MAEME

Table.l1 Numerical tables of Fig.1l. Table 1-(1),-(2),-(
corresponds to that in figure 1-(1),-(2),-(3),respec-
tively. (a) and (c) in table(2) corresponds to that
in figure 1-(2). Table(3) was obtained by combined
with the results in table(l) and (2) as a zero with

the value of 1898.

Table 1—(1)
nEF |meEm| PEEP

Leveling| Leveling |Difference
year |result (m) | value (m)

1898 5.5546 0

1931 5.5715 0.0169

1939 5.652 0.0974

1953 49874 -0.5672

1965 5.184| -0.3706
Table 1—(2)

: AEED | AELET
AEE | T2 |#oiEm

Measure |Diff. of
—ment |measure—
year |ment (m)

1928 0 0.015
1946 | (c) 053 0.545
1947 | (a) -0.67 -0.665

Shifted
value (m)

Table 1—(3)

£ |HEEEmM
Year Combined

value(m)

1898 0
1928 0.015
1931 0.0169
1939 0.0974
1946 0.545
1947 —0.665
1953 -0.5672
1965 -0.3706

F62% H5/6 5

LI 2 E, ZTOZEMIMMIZRD D L 2ikAhb.
1946 4114 g 3t 52 1 £ 00 DU [E] sk U= 35 0F 2 Mg > b A&
g, P (BRAEO E R BEE) O KUENI& I
Ko TROSENT VDA, M AT O AKUEH &1 1898 4
Je U 1930 SERDIZ L L&D D ED, HbHT 3D
ATH%. WEEHRS 1953 4% T 7 FHOMEBRIT %
V). Miyabe(1955) (3 3EZ T 3 810D Il H AR & F Tt
BRI E COLBHhFR A ML 725 2, MBS 5 AKHER
BORMEDZEZ ], ZE2BIIZH S MS§ 24 EDLRIC
& o TIUEAIR O jl & HEREO L TEE O3 v 4 —
7 TEHS ZEITRIIL 7z, LA L, Miyabe(1955) 2
131930 1A & AR T & TOIMFTES R ST
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A

Fig.1 A figure showing the method as an example of
Susaki. (1)Levering result by the Geographical
Survey Institute (@) , (2)Measurement value(a)
and survey value(b) by the Hydrographic Bureau
(@) , (3) Vertical variation curve combined with
the results in (1)and (2)
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STDOOBBOT — 2 G SR EFE 1IN -3) &
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HoOWMRIE () HAMKE Y 2 —, 25000 BERFEHEIRIC K 5.

Fig.2 Map showing Susaki area. Squares with numerals and double square indicate the points of bench

mark of the Geographical Survey Institute and the Hydrographic Bureau, respectively. Map

quoted from the colure image map of the Japan map center.
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Table.2 Survey value, measurement value and year of last measurement at each survey point.

B OE B (m) e BEORE S
) Rk
ToKEEES
Measurement value(m) Last measurement year
- . = SAER Bench mark
No.| S%#4 | Survey point saokaegg N EEL T T | o red | KEBE® |BAKES
b
Survey value Rock above Hydrogiaphic
(m) Hydrographic | water/Rock | Geographical bureau Hydrographic | Hydrography
bench mark | which covers | bench mark bulletin in Japan
and uncovers
[ EE3 Muya -0.11 O —0.04 302
2 IMNAE Komatsujima 210 -0.2 /-0.3 1927(s2)
3 | #&# Tachibanaura —0.24 -0.1 1943(s18)]  1927(s2)
4 | H#{E  [Hiwasa -0.2{ O -0.12 5100 1927(s2)
5 | &I Asakawa —0.6{ F —0.9 /0.6 —0.36 5113 1927(s2)
6 Bl Kannoura -0.9i F -0.44| -0.3/-0.4 -0.38 5121 1943(s18)
7 | ##=/;E |Sakinohama 03i F 0.53 5131
8 | #% Shiina 09! F 0.77 5136
9 ES=n Murotosaki 1.2i H 0.96 5140 1928(s3)
10 | &2 Tsuro 1.2i F 0.78 * 5142
11| =@ Yasuda 00 —0.27 5157
12 | F4& Tei -0.7{ F
13 | &% Kochi -1 0 —0.65 5003 1928(s3)
—0.68 5004
—0.69 5005
14 | AP |Uradowan -1 F -0.72| -0.6/-0.7 1928(s3)[  1928(s3)
15 | #1iF1%  [Shin usa —09i F
16 | ZEI% Susaki -1.2{ H -0.67 -0.6 4673 1928(s3)
17 | A%L Kure -1 H -0.5/-0.5 * 4668 1928(s3)
18 | /= Omuro -0.9{ H
19 | &% Saga -0.3{ H -0.2 4644
20 | EJiIE Kamikawaguchi -0.9i H 0 * 4641 1928(s3)
21 | TH Shimoda 0.6{ H
22 | F/M;T |Shimonokae 0.6 H
23 | UsmFl  (lburi 0.6] H
24 | BK Shimizu 0.6! H 0.1] 0.2/0.3/04 1912(T1)
25 | &miEAE Komame -0.6{ H -0.2 1928(s3)
26 | BE Sukumo -0.9i H -0.31 4619 1944(s19)] 1936(s11)
27 | FHME  |Uwajima -0.6i H 0.06(*) 4589]  1928(s3)ik
28 | =H Yoshida 0i H -0.2 1928(s3)ek
29 | /\#&E  [Yahatahama 0! H -0.23 0 1928(s3)k

- AEEOEDIIT, FILAESR, HIKERE, OBXZDOMAIRIEEFICISAETETRT.
- KEFRFES DL *x OKEFEDOME [FKBRERDOMBICERSNATOEGEN O, BFLIFAESNFKESE  FHEICRLEVKERE

AL

- AEEOTIIKE, SEBMES. HLBEHBETFETY.
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value, respectively.

5 & L.

Table.3 Survey and measurement points that the last year of measurement are able to

OHIOH S TIEFEME & MEMAES S 7 TRE. 25 7 OO ikt
Y. EE  EDAMIHEM & D IAEEOIE S ARENT LI
A map showing the survey points. Two kinds bar at open circle(O ) show the survey and measurement
Thin dotted lines indicate the error level (+/-0.15m) of survey value. It is

noticed that the survey values are greater than the measurement values, except that of Sakinohama.

),(b),(c) &, F1IX-(2) DZh

estimated. (a), (b), (¢) in the table corresponds to that in figure 1-(2).

BIERD BIENE(a) |FAZ1E(D) IR AT BIE® |HEETO

AEMA | Hfm | Bfm KEEES | HEE | g E
Measure and Measurement | Survey c=a-b Geographical Last year of | Year untill

. value(a) value(b) survey BM A

survey point unitm unitm Number |measurement | main shock
Hiwasa -0.12 -0.2 0.08 * 5101 1927 19
Asakawa —-0.36 —-0.6 0.24 * 5112 1927 19
Kannoura -0.38 -0.9 0.52 5121 [1927] [19]
Sakinohama 0.53 0.3 0.23 5131 [1927] [19]
Shiina 0.77 0.9 -0.13 5136 [1927] [19]
Murotosaki 0.96 1.2 -0.24 5140 1928 18
Tsuro 0.78 1.2 -0.42 5142 [1928] [18]
Kochi -0.65 —1 0.35 5003 1928 18
Uradowan -0.72 -1 0.28 5002 1928 18
Susaki -0.6 -1.2 0.6 4673 1928 18
Kure -0.5 -1 0.5 4668 [1928] [18]
Saga -0.2 -0.3 0.1 4644 [1928] [18]
Shimizu 0.1 0.6 -0.5 — 1912 34
Komame -0.2 -0.6 0.4 — 1928 18
Sukumo -0.31 -0.9 0.59 * 4620 1936 10
* BIME-R)I-TBEOKBBREDKEZEBEEIIBIESINT=12H, OEDBED

KEZRTORREERA

BIEDRIEED]

INOERFTHEELF

— 248 —




HERLI P 2 2 1T 0 DU AP O st L T4 8 (HiEH - #dd%)

CLITHE]. 2o aE RS & 1927 4 (BBRI24E) 1213
Wil (2513745 6) »oEFKE T, NEOKREE
WRLTHZZEhD, F2RTULONTILh 7
{ett 2 R HER ORI O P RIE 1927 47 - 72 & HiE e X
N5, 1928 4 (I3 4F) 1%, BFH» o 7/ EHiL -
TWB A, 17 ERIZBAEOMIFZXIC & BBHII O
KiZg WY725 2z, ULa LREEICIZFEY 5 &%,
F 72 KBRS KL S 2 & P OIFIX IR0 1928
ﬁ@ﬂ%&&ofnqgﬁwe,%ﬁ%&ﬁﬁ@@ﬁu
i B, L, TS 1928 FofllE L e xh 3.

%2%Fm@®@ﬁ¢l*%¥ﬁjhﬁﬁéhfhé
Eﬁ(ﬁ 1943) & 166 (1944) 13, [ HAKR L 1871-1971]
IZIRMREAERE ORI 0, TG & B ORI
»HUO, Vee s wOMES L IRAK 1927 R HEE L7, 1HE
IZDWTIEIEA 11 45 (1936 4F) DR HlE O HkT iz
[DUE e A BHEAE] &5 50T, HIEMmIZ 1936 4 &
DFEEMEE I NS, Y EOBRA I HTE O HE F A
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728, ZD2HFRIZONTIEE LK -(1) 2K ZEMNT
Y, T2 S AR,

B2 RN L 2KMEREN, HAWE, NSk wTiE
1929 412, TEEIX 1938 4E12, Th P h#is £ 7213k
HXNTWB720, F3IRTRUAELNEINTVEA
WRHEZEDOKHERNZ B 2R AR L 2. 20 Z ki,
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WAk 1898 FaRHE LR HEORED L MA®E. 1% -Q) Icxbd 5.
Table.4 The vertical value at each point in each year, which is assumed as a zero with the a value of 1898. The
table corresponds to the table 1-(3)

Sukumo Saga Kure Susaki |Uradowan| Kochi Tsuro |Murotosak| Shiina [Sakinohama|Kannoura| Asakawa | Hiwasa
Year | BM.4620 | BM4644 | BM.4668 | BM.4673 | BM5002 |BM.5003| BM.5142 | iBM.5140 |BM.5136| BM.5131 [BM.5121| BM5112 | BM5101
1898 0 0 0 0 0 0 0 0 0 0 0 0 0
1927 -0219]  -0.1635] -0.084] -00758] -0.224
1928 -0.0094] 00108] 00154] -0.0148] -0.0185] -0.2715] -0.2813
1931 -0.0103[  00119] 00169] -0.0163] -0.0203] -0.2986] —0.3094] -0.2492[  -0.1861] -0.0955] -0.0863] -0.2547
1932 0.0161 * -0.3076
1936 0.0447
1939 0.0944] 0064 0.1069] 0.0974] 0.0594[ 00551] -0.2431] -0.2447] -0.1856]  -0.1236] -0.0354] -0.0315] -0.1995
1946 0.592] 0.0906] 05108 0615 0.2652] 0.332] -0.6915] -05213] -0.349 0.0664]  0.436 0.164]  -0.144
1947 -0.265] -0.209] -0489] -0585] -0.7348] -0.668] 05085  0.6787] 0.551 0.3665| -0.464] -0.4358] -0.344
1953 -0.1801] -0.1878] —0.6403] -05672] -0.6349] -0.6411] 04374]  0.4802] 0.3103 0.0185] -0.4806] -0.4489
1965 0.0229]  0.0244 -0.3706
1969 -0.0962] -0.0935 -06258]  0.3362] 03771] 1.1377 0.0135] -0.2747
* EBD1932FDEIXSMEE
0.8 04
0.6 3 0 Hiwasa(BM.5101)
£ Shiina(BM.5136) & "
o 04 \ © 0 ‘\ -
2 & 1
© 0.2 i -02 =
5 g 3
> 0 < = -04 =
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o
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Fig.4 Vertical variation curves at 13 points on Pacific coast in Shikoku.
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Fig.4 Continued.
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5557 1898 4F-— 1946 4F- & 1939 4F-— 1946 {F DK Hpi o> | F & HfiE
Table.5 The values of vertical changes during (1)1898-1946 and (2)1939-1946 at each point.

Sukumo | Saga Kure Susaki |Uradowan| Kochi Tsuro [Murotosak| Shiina |Sakinohama|Kannoura| Asakawa | Hiwasa
BM.4620 | BM4644 |BM.4668| BM.4673 | BM5002 | BM.5003 |BM.5142| iBM.5140 [BM.5136| BM.5131 |BM.5121 | BM5112 | BM5101
Difference
Value of 1898- 0.592 0.09 0511 0.615 0.265 0.332( -0.692 -0.521| -0.349 0.066 0.436 0.164( -0.144
1946
Difference
Value of 1939— 0.498 0.027 0.404 0.518 0.206 0.277| -0.448 -0.277| -0.163 0.19 0.471 0.196 0.056
1946

(1) Vertical Change (1898 y —1946 y)

$

Murotosaki

-0.52

a

Sakinohama
Shiina
-0.16

Murotosaki
-0.28

%5 (1)1898 4F-— 1946 4 & (2)1939 4F-— 1946 fF-0> I FAEfif & 73 HhfX].
Fig.5 A map showing the values of vertical changes during (1)1898-1946 and (2)1939-1946.
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W3, Ak e LT, F4AKOMY, B,
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Fig.6 Map showing Kochi and Uradowan area. Squares with numerals and double square indicate the points of bench

mark of the Geographical survey and the Hydrographic Bureau, respectively. A reverse triangle shows the survey

point estimated from the description in the hydrographic bulletin(1948). Map quoted from the colure image map of

the Japan map center.
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HeFR HAKUFE SN AFLUEL U222 (BM.5163) O LT
25 B
Table.6 Vertical variation value at Aki(BM.5163) which

referred to the Japanese vertical datum origin.

Combined
vear value (m)
1898 0
1928 —-0.063
1931 -0.0693
1939 0.0004
1946 -0.333
1947 -0.333
1953 -0.257
1969 -0.2178

TR kE (BM5163) #IEHEL L M4, EFk, 5
O LT EME
Table.7 Vertical variation value at Shiina, Murotosaki and

Tsuro which assumed Aki(BM.5163) as a standard.

&S 1Em)
vear Combined value(m)
Shiina [Murotosaki| Tsuro
BM.5136 | BM.5140 | BM.5142

1898 0 0 0
1928 -0.164 -0.218 -0.208
1931 -0.18 -0.2401 -0.229
1939 -0.186 -0.2451 -0.244
1946 -0.294 -0.458 -0.448
1947 0.606 0.742 0.752
1953 0.567 0.7372 0.694
1969 — 0.5949 0.554

4.3 BKEDEE)

K J D I TE A AR PRI R0 IR U2 B U B UK A S e
LT 5. HUEFEA AT O BRI AR O K 512 HAK
UER T A JRUE 2 LT 2 0%, RS S v Y- eyt 23
b Zp 5 T3, 2MOFLE TR XS, ZHE)ihi
AR R AER B % & FF T3 2 & & o T B
DOEREIZHES T THNTW S, ZOMIEIZAKRED
e & B am A Fue & Lz 2 i 6 .
T A RIS TR B 720 D T RIZEE O
W LT TEZD, HUEEAZEZ T3 L0 piTid
T— 2Ok E, KELEND 5.

P AT S R A & RoE A FLUE L U TR IE
AOZEH#HE L T2 Licky, BEEOHIED S5
SN7=[FENIC LA AZEHOBRE L, KEBRFICEK
2K & FEHE L U 22 B ME M A 515 5 e
WD 7 & DI TE B, HPEFE T & A4 ot
H B VBT A, B, MR, B
VK OHHO S ird 5. WEPHEEEEE 78 &
[9-3. [ - MUEHL ;O M A E) | O 4 X ([E Pk,

Aki(BM.51
Y (BM.5163)
E 4 o o
— < —O-
22 04
1890 1910 1930 1950  year 1970

57 HA KR 4 SHE & U 22 %25 (BM.5163) @ LT
ZE iR
Fig.7 Vertical variation curve at Aki(BM.5163) which

referred to the Japanese vertical datum origin.
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Fig.8 Vertical variation curve at Shiina, Murotosaki and

Tsuro which assumed Aki(BM.5163) as a standard.
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ZBED HL.

W g %2 (BM.5163) %

Table.8 A comparison of the vertical variation value obtained by this study and

Geographical Survey Institute. Each value was obtained just after the 1946
Nankai earthquake, as a standard at Aki(BM.5163).

St. / BM.No.

Tsuro Murotosaki Shiina Sakinohama| Kannoura

5142 5141 5140 5136 5137 5131 5121
This study (m) 0.75 0.74 0.61 0.42 -0.4
Geographical survey (m) 0.62 0.74 0.61 0.29 -0.21
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Table.9 Sea level at Hososhima.

year sea(lrLe)vel
1898 2.448
1927 2.38
1928 2423
1931 2.405
1932 2.425
1936 24
1939 2.405
1946 2.493
1947 2.415
1953 2.496
1965 2.378
1969 2.409

F—REMABZ ERHFRIz. 7277 KEEO TR
WEHOZHEZHBICL->THLZEDOTHD, RK
T 0.3m(+/-0.15m) DFENH 5. F 7= HPEFAT T O
TR IR 0 A KHE S 2 JEUE L L2l Th B DKL,
A& IR DM 152 5 B ki T AR A KL LT
W5, BREERHISHA BT EIE, BEOHUEN %
B ORUEIAbE R LIk 5. WKROZEHIZR
LTS (Bl Himr) oBmRcsz s = v o
U724, FABMORE (+/-0.15m) ¥ X ONIEM O
(+/-0.1m) %% 3D TIIAE» 57

2B O BHRIXNE DY E R O 13 Hi TR &
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Fig.10 Vertical variation curve from 1928 to 1946 at
Susaki. The vertical movement did not change
linearly, but it might be accelerated just before the
1946 Nankai earthquake as shown by dotted line.
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